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THROUGH SUBSTRATE VIA WITH
EMBEDDED DECOUPLING CAPACITOR

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a divisional of co-pending U.S. patent
application Ser. No. 12/479,885 filed Jun. 8, 2009, entitled

“THROUGH SILICON VIA WITH EMBEDDED DECOU-
PLING CAPACITOR.”

TECHNICAL FIELD

The present disclosure generally relates to integrated cir-
cuits (ICs). More specifically, the present disclosure relates to
decoupling circuitry for ICs.

BACKGROUND

ICs are generally fabricated on one side of a semiconductor
die. These dies are then used to power a diverse range of
clectronics products. IC packages conventionally include
only one layer of ICs. Building multiple layers of ICs (or
“stacking’” the ICs) 1n the same semiconductor package can
significantly reduce the lateral size of electronics and reduce
the cost of manufacturing. As a result, stacked ICs are quickly
gaining popularity for further extending the capabilities of
electronics.

One feature used 1n building stacked ICs are through sub-
strate vias (ISV). Through substrate vias are connections
through the substrate of the die and may be used to connect a
layer o ICs on one side of the substrate to an opposite side of
the substrate where contacts may be provided for packaging
the substrate. Through substrate vias occupy relatively small
amounts of substrate area and do not otherwise interfere with
circuitry built on the substrate thereby increasing the possible
density o1 ICs. As the transistor density increases, the voltage
supplied to the transistors decreases. These voltages are com-
monly smaller than the wall voltages available in most coun-
tries.

ICs are coupled to a voltage regulator that converts avail-
able wall voltages to the lower voltages used by the ICs. The
voltage regulator ensures a predictable power supply 1s pro-
vided to the ICs. This 1s an important function because the
tolerance of transistors to voltages under or over the target
voltage 1s small. Only tenths of a volt lower may create erratic
results in the ICs; only tenths of a volt higher may damage the
ICs. As transistors in the ICs turn on and off, the power load
changes rapidly placing additional demand on the voltage
regulator. The distance between the voltage regulator and the
ICs creates a long response time, preventing the voltage regu-
lator from 1ncreasing power to the ICs instantaneously, espe-
cially when the transistors switch on and off millions or
billions of times each second. Decoupling capacitors provide
additional stability to the power supplied to ICs.

Decoupling capacitors attached in close proximity to ICs
provide a local charge reservoir for the ICs. As demand on the
power supply changes rapidly, the capacitor provides addi-
tional power and can refill at a later time when the power
demand decreases. The decoupling capacitor allows ICs to
operate at the high frequencies and computatlonal speeds
desired by consumers. However, as the transistor sizes have
decreased and transistor densities increased, finding area on
the ICs for decoupling capacitors has become diflicult. Con-
ventionally, capacitors are built from thick oxide transistors
commonly used for I/O transistors. These capacitors are fab-
ricated on the substrate to provide decoupling capacitance for
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the circuitry on the substrate. Thick oxide transistors offer
very small values of capacitance 1n comparison to the large

amounts of substrate area they consume that could otherwise
be used for other circuitry.

Alternatively, through substrate vias may provide capaci-
tance for decoupling. Through substrate vias imclude a con-
ducting core and an 1insulating sleeve contained 1n a semicon-
ductor substrate. If the conductor 1s connected to a supply
voltage and the substrate 1s connected to a ground, then a
capacitor 1s formed between the conducting core and the
substrate. The capacitance 1s determined by the thickness of
the 1nsulator layer, the height of the through substrate vias,
and the dielectric constant of the insulator layer. Generally,
the dielectric constant 1s not easily changed. Therefore, the
capacitance may be increased by decreasing the thickness of
the 1sulating layer or increasing the height of the through
substrate vias.

Semiconductor substrates experience charge depletion that
creates an additional capacitance combined with the capaci-
tance of the through substrate vias to form an effective capaci-
tance. This effective capacitance will always be smaller than
the smallest of the capacitance of the through substrate vias
and the capacitance of the substrate. As a result, without
changing the material of the substrate, only minor increases in
elfective capacitance may be gained from changing the
design of through substrate vias.

Another type of viacommonly found 1n ICs 1s a substrate or
printed circuit board via. A substrate via 1s used to electrically
couple several conductive layers 1n a printed circuit board
substrate or packaging substrate. The vias are holes etched
through the substrate that are plated with conductors and used
to carry signals between layers. Multiple conductors may be
plated in the vias separated by insulators to carry multiple
signal lines through the via. However, these vias have low
capacitance, if any. The insulator layer in the vias are thick
(for example, 15-60 um). The thickness prevents their use as
decoupling capacitors. Additionally, depositing thin insula-
tors with current techniques, namely lamination or build-up,
1s challenging.

Therefore, a new technique for providing decoupling of the
circuitry from the die 1s needed that provides a higher degree
of decoupling.

BRIEF SUMMARY

A semiconductor die includes a through substrate via hav-
ing a capacitor. The capacitor has a first co-axial conductor, a
second co-axial conductor, and a co-axial dielectric separat-
ing the first co-axial conductor from the second co-axial
conductor.

A stacked IC includes a first die and a second die. The
second die 1s coupled to the first die. The second die has a
through substrate via including a capacitor. The capacitor
includes a first co-axial conductor, a second co-axial conduc-
tor outside of the first co-axial conductor, and a first co-axial
dielectric partially separating the first co-axial conductor
from the second co-axial conductor.

A method of manufacturing an IC, having a substrate with
a front side and a back side, includes fabricating openings for
through substrate vias on the front side of the substrate. The
method also includes depositing a first conductor 1n the
through substrate vias. The method further includes deposit-
ing a dielectric on the first conductor. The method addition-
ally includes depositing a second conductor on the dielectric.

A method of manufacturing a stacked IC, having a sub-
strate with a front side and a back side, includes fabricating an
opening for a through substrate via on the back side of the
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substrate. The method also includes depositing a first conduc-
tor 1n the through substrate via. The method further includes
depositing a dielectric on the first conductor. The method
additionally includes depositing a second conductor on the
dielectric. The first conductor and the second conductor are
configured as terminals of a decoupling capacitor.

A stacked IC having at least one die with a subs rate
includes the die having means for storing charge in close
proximity to a component of the stacked IC. The means 1s
located 1n an opening 1n the substrate

The foregoing has outlined rather broadly the features and
technical advantages of the present disclosure 1n order that the
detailed description that follows may be better understood.
Additional features and advantages will be described herein-
after that form the subject of the claims of the disclosure. It
should be appreciated by those skilled in the aft that the
conception and specific aspects disclosed may be readily
utilized as a basis for modifying or designing other structures
for carrying out the same purposes of the present disclosure.
It should also be realized by those skilled 1n the art that such
equivalent constructions do not depart from the technology of
the disclosure as set forth 1n the appended claims. The novel
features that are believed to be characteristic of the disclosure,
both as to 1ts organization and method of operation, together
with further objects and advantages will be better understood
from the following description when considered 1n connec-
tion with the accompanying figures. It 1s to be expressly
understood, however, that each of the figures 1s provided for

the purpose of illustration and description only and 1s not
intended as a definition of the limits of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure, reference 1s now made to the following description taken
in conjunction with the accompanying drawings.

FIG. 1 1s a block diagram showing an exemplary wireless
communication system.

FIG. 2A 1s a drawing showing a top view of a conventional
through substrate via.

FIG. 2B 1s a drawing showing a perspective view of a
conventional through substrate via.

FIG. 3 1s a circuit schematic illustrating an equivalent
circuit for a through substrate via.

FIG. 4A 1s a drawing showing a top view of an exemplary
through substrate via with decoupling capacitor according to
one aspect.

FIG. 4B 1s a drawing showing a perspective view of an
exemplary through substrate via with decoupling capacitor
according to one aspect.

FIG. 5 1s a cross section showing an exemplary die con-
figuration according to one aspect.

FIG. 6 1s a cross section showing an alternative exemplary
die configuration according to one aspect.

FIG. 7 1s a cross section showing an exemplary die con-
figuration after a first manufacturing process 1n a via first
processing technique according to one aspect.

FIG. 8 1s a cross section showing an exemplary die con-
figuration after a second manufacturing process in a via, {irst
processing technique according to one aspect.

FIG. 9 1s a cross section showing an exemplary die con-
figuration after a third manufacturing process 1n a via {first
processing according to one aspect.

FI1G. 10 1s a cross section showing an exemplary die con-
figuration after a fourth manufacturing process in a via first
processing technique according to one aspect.
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FIG. 11 1s a cross section showing an exemplary die con-
figuration after a fifth manufacturing process 1n a via first
processing techmque according to one aspect.

FIG. 12 1s a cross section showing an exemplary die con-
figuration after a sixth manufacturing process 1n a via first
processing techmque according to one aspect.

FIG. 13 15 a cross section showing an exemplary die con-
figuration after a seventh manufacturing process in a via first
processing techmque according to one aspect.

FIG. 14 15 a cross section showing an exemplary die con-
figuration after a first manufacturing process 1n a via last
processing technique according to one aspect.

FIG. 15 1s a cross section showing an exemplary die con-
figuration after a second manufacturing process 1n a via last
processing technique according to one aspect.

FIG. 16 1s a cross section showing an exemplary die con-
figuration after a third manufacturing process i a via last
processing techmque according to one aspect.

FIG. 17 1s a cross section showing an exemplary die con-
figuration after a fourth manufacturing process in a via last
processing technmique according to one aspect.

FIG. 18 1s a flow diagram describing an exemplary process
for manufacturing through substrate vias with embedded
decoupling capacitors according to one aspect.

FIG. 19 1s a flow diagram describing an alternative exem-
plary process for manufacturing through substrate vias with
embedded decoupling capacitors according to one aspect.

FIG. 20 1s a block diagram illustrating an exemplary array
of through substrate vias with embedded capacitors accord-
ing to one aspect.

FIG. 211s a block diagram illustrating a design workstation
used for circuit, layout, and logic design of the disclosed
semiconductor imtegrated circuit.

DETAILED DESCRIPTION

One method for providing decoupling of ICs from the die
1s to build the decoupling capacitors into the through substrate
vias. Through substrate vias are already well integrated into
the manufacturing process for stacked ICs, and large numbers
exist on stacked ICs, Building decoupling capacitors into the
through substrate vias has several advantages.

Removing conventional separate decoupling capacitors
from the substrate increases the die area available for active
circuitry. The reduction 1n die size leads to smaller portable
clectronic devices. Additionally, building the decoupling
capacitor mto a structure that 1s already present in the die
reduces manufacturing costs. Fewer processes are used to
embed the decoupling capacitor in through substrate vias than
to build a separate decoupling capacitor.

In FIG. 1, remote unit 120 1s shown as a mobile telephone,
remote unit 130 1s shown as a portable computer, and remote
unit 150 1s shown as a fixed location remote unit 1n a wireless
local loop system. For example, the remote units may be
mobile phones, hand-held personal communication systems
(PCS) units, portable data units such as persona data assis-
tants, navigation devices (such as GPS enabled devices), set
top boxes, music players, video players, entertainment units,
fixed location data units such as meter reading equipment, or
any other device that stores or retrieves data or computer
instructions, or any combination thereof. Although FIG. 1
illustrates remote units according to the teachings of the dis-
closure, the disclosure 1s not limited to these exemplary 1llus-
trated units. Aspects of the disclosure may be suitably
employed 1n any device which includes active integrated cir-
cuitry including memory.
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The foregoing disclosed devices and methods are typically
designed and are configured into a hardware description lan-
guage, such as GDSII and GERBER computer files, stored on
a computer readable media. These files are 1n turn provided to
tabrication handlers who fabricate devices based on these
files. The resulting products are semiconductor waiers that
are then cut into semiconductor die and packaged into a
semiconductor chip. The chips are then employed 1n devices
described above.

Turning now to FI1G. 2A, an 1llustration showing a conven-
tional through substrate via i1s presented, A top view of a
through substrate via 200 includes a conductor 204 sur-
rounded by an msulator 202. The through substrate via 200
will now be presented 1n a perspective view and explained in
turther detail.

FIG. 2B 1s an 1llustration showing a perspective view of a
conventional through substrate via. A through substrate via
250 1ncludes a conductor 254 that extends the length of the
through substrate via 250. One possible use for the conductor
254 15 to carry signals through the semiconductor substrate.
The conductor 254 may be, for example, copper, aluminum,
tungsten, or poly-silicon. The conductor 254 has a diameter,
d. Surrounding the conductor 254 1s an insulator 252. The
insulator (also referred to as a dielectric) 252 extends the
length of the through substrate via 250 to prevent shorting of
the conductor 254 to a surrounding semiconductor die (not
shown). The msulator 252 may be, for example, silicon diox-
1de or silicon nitride. The insulator 252 has a thickness, t. The
total diameter of the through substrate via 250 1s given by d+t.

ICs built using the conventional through substrate via illus-
trated by FIG. 2B may be represented by an equivalent circuit
for analysis. FIG. 3 1s a circuit schematic illustrating an
equivalent circuit for a conventional through substrate via. An
equivalent circuit 300 includes capacitance of the insulator
represented by a capacitor 330, with value C__, that 1s pro-
portional to the thickness of the insulator 252. An additional
capacitance arises as flow of charge carriers through the semi-
conductor substrate causes charge depletion. Depletion of
charge in the semiconductor substrate 1s represented by a
capacitor 340, with value C,. An effective capacitance rep-
resenting all capacitances, C_g 1s a series combination of the
capacitor 330 and the capacitor 340. Resistance along the
conductor 254 1s represented by a resistor 310, with value R.
Inductance along the conductor 254 1s represented by an
inductor 320, with value L. Additionally, resistance of the
semiconductor substrate 1s represented by a resistor 350 with
valueR_ ,.

The eftective capacitance, C_g of a series combination of
the substrate capacitance, C.,, and the insulator capacitance,
C__, will always be smaller than the minimum of C, and C__ .
The substrate capacitance, C., 1s a fixed value based on the
material used 1n the substrate. Changing the substrate mate-
rial 1s not easily accomplished. Insulator capacitance, C__,
can be changed through manufacturing design parameters,
but has little impact on the effective capacitance, C_z because
the substrate capacitance, C,, 1s commonly smaller than the
insulator capacitance, C__. Therefore, 1t would be preferable
to eliminate the substrate capacitance, C.,, from the effective
capacitance, C_. Additionally, the substrate resistance, R,
has a negative impact on the capacitance of the structure, and
it would be preterable to eliminate R , from the equivalent
circuit. The aspect that will be described below eliminates the
substrate capacitance, C.,, and the substrate resistance, R _ ,,
through the use of an additional conducting layer.

Turning now to FI1G. 4 A, a decoupling capacitor embedded
in a through substrate via will be discussed. FIG. 4A 1s an
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a decoupling capacitor according to one aspect. A top view of
a through substrate via 400 1ncludes a first conductor 406
surrounded by a first insulator 404. The through substrate via
turther includes a second conductor 402 surrounding the first
insulator 404 and a second insulator 408 surrounding the
second conductor 402. The through substrate via 400 waill
now be presented 1 a perspective view and explained in
turther detail.

FIG. 4B 1s a perspective view of an exemplary through
substrate via according to one aspect. A through substrate via
450 includes a first conductor 456 that extends the length of
the through substrate via 450. The first conductor 456 has a
diameter, d. A second conductor 452 1s shown as the outer
annulus and stretches the length of the through substrate via
450. The second conductor 452 has a thickness, t_. According
to one aspect, the second conductor 452 and the first conduc-
tor 456 carry signals through a semiconductor substrate (not
shown). The second conductor 452 may be copper or arefrac-
tory metal. The first conductor 456 may be, for example,
copper, aluminum, tungsten, or poly-silicon. Surrounding the
first conductor 456 1s a {irst insulator 454 to prevent shorting
of the first conductor 456 to the second conductor 452. The
first insulator 454 has a thickness, t. Surrounding the second
conductor 4352 1s a second 1insulator 458. The second 1insulator
4358 has a thickness, t,, and 1s usetul to prevent shorting of the
second conductor 452 with a surrounding semiconductor die
(not shown). The first insulator 454 and the second insulator
458 may be, for example, silicon oxide or silicon nitride. In
one aspect, the first insulator 454 has a high dielectric con-
stant, such as that of silicon nitride. The first conductor 456,
the first insulator 454, and the second conductor 452 form a
capacitor, that according to one aspect, decouples circuitry
from a semiconductor die (not shown).

The capacitor embedded 1n the through substrate via 450
includes the conductors 452.,456. As a result, current flow 1n
the through substrate via 450 no longer results 1n electron
flow through the semiconductor substrate. Addition of the
second conductor 452 reduces or eliminates the substrate
capacitance, Cg,. As a result, the effective capacitance, C_g of
the structure equals the value of the oxide capacitance, C__.
Further, the substrate resistance, R_ ,, 1s reduced or elimi-
nated because the electrons no longer tlow through the sub-
strate.

A sample calculation for the conventional and exemplary
through substrate via will now be compared. For example, 1T
a through substrate via 1s constructed with a diameter of 6 um
and a height of 50 um, then the capacitance, C__, of the oxide
(with a thickness of 200 nm) 1s approximately 190 femtoFar-
ads. The capacitance of the substrate, C,, 1s approximately
140 femtolarads resulting 1n an etfective capacitance, C,_ 4 of
approximately 80 femtoFarads. The area, A, occupied by the
through substrate via of these dimensions 1s approximately 30
um”. Therefore the capacitance per area, C4# A, 18 approxi-
mately 3000 nF/um~ in a conventional through substrate via.
However, adding the second conductor 452 removes C, from
the effective capacitance, resulting 1n a capacitance per area
of C_,/Athatis approximately double C_#A, or 6000 nk/ um-.
Conventional thick oxide transistor decoupling capacitors
commonly have a capacitance per area of 10 nF/um~. There-
fore, the capacitance per area increase resulting from embed-
ding a decoupling capacitor 1n a through substrate via 1s larger
than other decoupling solutions available.

Turming now to FIG. 5, the exemplary through substrate via
of FIG. 4 1s shown integrated into a semiconductor die. FIG.
5 1s across section showing an exemplary die configuration
according to one aspect. A fabricated die 500 shown 1n 1ts
cross section includes a substrate 510. The substrate 510 has
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a Tront side 512 and a back side 514. The front side 512 may
contain active circuitry and can be coated by a protective layer
516 that may be, for example, silicon nitride or silicon oxide.
Similarly, the back side 514 is coated by a protective layer
518. Contained within the substrate 510 are a through sub-
strate via with an embedded decoupling capacitor 520 and a
through substrate via without an embedded decoupling
capacitor 530 manufactured using a single fabrication pro-
cess. Although only two through substrate vias are shown
here, a fabricated die may include many more through sub-
strate vias. Additionally, although only one substrate 1s shown
here, a stacked IC may contain many more substrates.

The through substrate via 530 includes a first conductor
534 and a first insulator $32. The first conductor 534 couples
to a contact pad 536 on the back side 514. The first conductor
534 also couples to a contact pad 550 on the front side 512.
The through substrate via 530 1s manufactured during the
same process as the through substrate via 520, according to
one aspect. The through substrate via 530 1s useful to convey
signals from the contact pad 550 to the contact pad 336.
According to one aspect, 1t may be used similarly to a con-
ventional through substrate via.

The through substrate via 520 includes an embedded
decoupling capacitor as shown 1n FIG. 4. A first conductor
528 extends the length of the through substrate via 520. Sur-
rounding the first conductor 528 1s a first insulator 526. Sur-
rounding the first insulator 526 1s a second conductor 524
separated from the first conductor 528. Surrounding the sec-
ond conductor 524 1s a second 1nsulator 522 that separates the
second conductor 524 from the substrate 510. Coupled to the
second conductor 524 1s a contact pad 540. Stmilarly, coupled
to the first conductor 528 1s a contact pad 542. A capacitor 1s
formed with the first conductor 528 and the second conductor
524; the contact pad 540 and the contact pad 542 act as
connections to two terminals of a capacitor.

One alternative to the die configuration of FIG. 5 includes
constructing all through substrate vias to imnclude multiple
conductors. FIG. 6 1s a cross section showing an alternative
exemplary die configuration according to one aspect. A fab-
ricated die 600 includes the substrate 510 configured simi-
larly to that of FIG. 5. Additionally, the fabricated die 600
includes a through substrate via 630. The through substrate
via 630 includes an exemplary decoupling capacitor as 1llus-
trated in FI1G. 4. The through substrate via 630 includes a first
conductor 638 and a second conductor 634 separated by a first
insulator 636. The second conductor 634 1s separated from
the substrate 510 by a second insulator 632. A contact pad 639
couples to the second conductor 634 and the first conductor
638 on the back side 514. Additionally, a contact pad 640
couples to the second conductor 634 and the first conductor
638 on the front side 512. In this configuration, the second
conductor 634 and the first conductor 638 are short-circuited.
At a region 660 the contact pad 640 1s coupled to the first
conductor 638 and the second conductor 634. At a region 650
the contact pad 540 1s coupled to the second conductor 524
and the contact pad 542 1s coupled to the first conductor 528.
The through substrate via 630 may be used, for example, to
convey signals from the front side 512 to the back side 514.

Although the through substrate via 630 in FI1G. 6 serves the
same purpose as the through substrate via 330 in FIG. 5,
manufacturing of the fabricated die 600 1nvolves fewer pro-
cesses than the fabricated die 500. However, the through
substrate via 630 has lower conductance than the through
substrate via 530 as a result of the first insulator 636.

Atleast two processes may be used to manufacture through
substrate vias. The first, known as via first, imnvolves creating
the via in the substrate during water fabrication before or after
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front end of line device fabrication. The second, known as via
last, involves creating the via in the substrate after fabricating
active circuitry on the substrate. Each process has its own
advantages and disadvantages. One method of fabricating the
embedded decoupling capacitor will be 1llustrated for the via
first process, and one method will be 1llustrated for the via last
Process.

Turming now to FIG. 7, an exemplary via {irst process for
manufacturing through substrate vias with embedded decou-
pling capacitors will be demonstrated. FIG. 7 1s a cross sec-
tion showing an exemplary die configuration after a first
manufacturing process in a via first processing technique
according to one aspect. A die 700 includes a substrate 710
having a front side 712 and a back side 714 A through sub-
strate via 720 and a through substrate via 730 are formed by
etching the front side 712. Etching may include, for example,
wet etching or dry etching. Afterwards, three conformal lay-
ers are deposited on the front side 712. A first insulator 742 1s
deposited, followed by a first conductor 744, and a second
insulator 746.

Turming now to FIG. 8, additional processes are performed
in the fabrication of the through substrate vias. FIG. 8 1s a
cross section showing an exemplary die configuration after a
second manufacturing process in a via first processing tech-
nique according to one aspect. A die 800 includes a sacrificial
layer 848 deposited on the front side 712. A section of the
sacrificial layer 848 above the through substrate via 730 at a
region 802 1s removed. The sacrificial layer 848 may be, for
example, a photoresist material. The region 802 may be
cleared of the photoresist by exposure to an approprate light
source and development.

Turming now to FI1G. 9, additional processes are performed
in the fabrication of the through substrate vias. FIG. 9 1s a
cross section showing an exemplary die configuration after a
third manufacturing process i a via first processing tech-
nique according to one aspect. A die 900 has etching per-
formed through the opening over the through substrate via
730 to remove a section of the second 1nsulator 746. A region
902 demonstrates the through substrate via 730 after etching
of the second 1nsulator 746.

Turning now to FIG. 10, additional processes are per-
formed 1n the fabrication of the through substrate vias. FIG.
10 1s a cross section showing an exemplary die configuration
after a fourth manufacturing process in a via first processing
technique according to one aspect. A die 1000 has the sacri-
ficial layer 848 removed. A second conductor 1048 has been
deposited on the front side 712 and fills the through substrate
via 720 and the through substrate via 730.

Turming now to FIG. 11, additional processes are per-
formed the fabrication of the through substrate vias. FI1G. 11
1s a cross section showing an exemplary die configuration
after a fifth manufacturing process 1 a via first processing
technique according to one aspect. A die 1100 has been pol-
1shed on the front side 712 to expose contact points at a region
1106 for the through substrate via 720 and at a region 1108 for
the through substrate via 730. Additionally, the back side 714
has been polished to expose contact points ataregion 1102 for
the through substrate via 720 and at a region 1104 for the
through substrate via 730.

Turming now to FIG. 12, additional processes are per-
formed 1n the fabrication of the through substrate vias. FIG.
12 1s a cross section showing an exemplary die configuration
alter a sixth manufacturing process 1n a via {irst processing
technique according to one aspect. A die 1200 includes an
insulator 1202 deposited on the front side 712 and an insulator
1204 deposited on the back side 714. An opening 1220 1s

made 1n the 1msulator 1202 to expose the first conductor 744
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and an opening 1222 1s made to expose the second conductor
1048. Additionally, an opening 1224 and an opening 1226 are
made 1n the insulator 1202. The msulator 1204 1s removed in
a region 1206 to expose the through substrate via 740.

Turning now to FIG. 13, additional processes are per-
formed 1n the fabrication of the through substrate vias. FIG.
13 is a cross section showing an exemplary die configuration
alter a seventh manufacturing process 1n a via first processing
technique according to one aspect. A die 1300 includes a
contact pad 1322 and a contact pad 1324 deposited to contact
the first conductor 744 through the opening 1220 and the
second conductor 1048 through the opening 1222, respec-
tively. A capacitor 1s formed between the first conductor 744
and the second conductor 1048. The contact pad 1322 and the
contact pad 1324 act as connections to two terminals of a
capacitor. Additionally, a contact pad 1342 and a contact pad
1344 are deposited to contact the through substrate via 740.
The through substrate via 740 may be used, for example, to
convey signals between the front side 712 and the back side
714.

One aspect of the disclosure in which through substrate
vias are labricated using a via first process has been
described. In via first processing, the through substrate vias
are fabricated before or after front end of line device fabrica-
tion. Alternatively, 1n via last processing the through substrate
vias are fabricated after other circuitry on the substrate. In
another aspect of the disclosure, the through substrate vias
with embedded decoupling capacitors are fabricated using a
via last process. Through substrate vias manufactured using
the via first process can be packed much more densely than
through substrate vias manufactured using the via last pro-
cess. Therefore, the via first process commonly has a larger
number of through substrate vias with embedded decoupling,
capacitors creating better decoupling of the circuitry on the
substrate.

FI1G. 14 1s a cross section showing an exemplary die con-
figuration after a first manufacturing process 1 a via last
processing technique according to one aspect. A die 1400
includes a substrate 1410 with a front side 1412 and a back
side 1414. The front side 1412 includes a contact pad 1440
and a contact pad 1450. Although only the contact pad 1440
and the contact pad 1450 are shown, the front side 1412 may
contain other circuitry. The back side 1414 includes a through
substrate via 1420 and a through substrate via 1430. The
through substrate via 1420 and the through substrate via 1430
are etched after fabrication of circuitry (not shown) on the
front side 1412 has completed.

Turning now to FIG. 15, fabrication of the through sub-
strate vias with embedded decoupling capacitors continues.
FIG. 15 1s a cross section showing an exemplary die configu-
ration after a second manufacturing process 1n a via last
processing technique according to one aspect. Deposited on
the back side 1414 1s a first insulator layer 1521. The first
insulator layer 1521 1s usetul to prevent short circuiting of the
through substrate via 1420 and the through substrate via 1430
with the substrate 1410. The first imnsulator layer 1521 coats
sidewalls of the through substrate 1420 and the through sub-
strate via 1430. Additionally a conformal coating of a first
conducting layer 1522 and a second insulating layer 1523 are
deposited 1n the through substrate via 1420 and the through
substrate via 1430. Next, a sacrificial layer 1560 1s deposited
on the back side 1414 and an opening above the through
substrate via 1430 1s etched at a region 1602. The sacrificial
layer 1560 1s used to mask the back side 1414 so that etching
of the second msulator layer 1523 only affects certain through
substrate vias. After etching of the second insulator layer
1523 occurs, the sacrificial layer 1560 may be removed.
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Turning now to FIG. 16, the results of the etch are shown.
FIG. 16 1s a cross section showing an exemplary die configu-
ration after a third manufacturing process 1n a via last pro-
cessing techmque according to one aspect. After etching of
the second 1nsulator layer 1523 1s carried out, the section of
the second insulator layer 1523 at the bottom of any through
substrate vias that are not masked by the sacrificial layer 1560
are removed. At aregion 1604 the second 1insulator layer 1523
at the bottom of the through substrate via 1430 has been
removed. In contrast, at a region 1602 the second insulator
layer 1523 remains intact at the bottom of the through sub-
strate via 1420.

Turning now to FIG. 17, an additional conductor layer 1s
deposited. FIG. 17 1s a cross section showing an exemplary
die configuration after a fourth manufacturing process mnavia
last processing technique according to one aspect. A second
conductor layer 1724 1s deposited to {ill the through substrate
via 1420 and the through substrate via 1430. At aregion 1704,
the second conductor layer 1724 couples to the contact pad
1450. A contact 1750 1s coupled to the contact pad 1450, and
a contact 1752 1s coupled to the second conductor layer 1724.
As a result, the through substrate via 1430 may be used to
convey signals from the front side 1412 to the back side 1414.
In contrast, at a region 1702 the second conductor layer 1724
1s separated from the contact pad 1440 by the second insulator
layer 1523. A contact 1760 1s coupled to the contact pad 1440,
and a contact 1762 1s coupled to the second conductor layer
1724. As a result, the through substrate via 1420 functions as
a decoupling capacitor when contact 1s made to the second
conductor layer 1724 on the back side 1414 and to the contact
pad 1440 on the front side 1412.

Turming now to FIG. 18, an exemplary process for manu-
facturing openings with embedded decoupling capacitors
according to one aspect will be summarized. A routine 1800
starts at block 1802. At block 1802, openings are fabricated in
the front side of the substrate. The openings may be, for
example, through substrate vias. Continuing to block 1804, a
first insulator 1s deposited, followed by, at block 1806, a first
conductor, and, at block 1808, a second 1nsulator. Following
deposition, at block 1810, a fraction of the openings are
masked. The openings which are masked will have embedded
decoupling capacitors whereas the remaining fraction of
through substrate vias will not. Continuing to block 1812, the
second insulator 1s etched (only from those openings not
masked), and then, at block 1814, the mask 1s removed. Next,
at block 1816, a second conductor 1s deposited to serve as the
center of the openings. At block 1818, the front side of the
substrate 1s polished to remove sections of the deposited
layers that are not contained inside the openings. At block
1820, the back side of the substrate 1s polished to expose the
openings. Continuing to block 1822, contact pads are manu-
factured on the front side and the back side to contact the
conducting layers deposited earlier.

Turning now to FIG. 19, an alternative exemplary process
for manufacturing openings with embedded decoupling
capacitors according to one aspect will be summarized. A
routine 1900 starts at block 1902. At block 1902, after the
substrate 1s thinned openings are fabricated on the back side
of the substrate. Continuing to block 1904, a first insulator 1s
deposited followed by block 1906, when a first conductor 1s
deposited. A second 1nsulator 1s deposited at block 1908. At
block 1910, a fraction of the openings are masked. The frac-
tion of openings which are masked will have embedded
decoupling capacitors. Continuing to block 1912, the second
insulator 1s etched from the opemings that are not masked. A
directional etch can etch the msulator from the bottom while
leaving the 1nsulator on the sidewalls to enable connectivity
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between the contacts and the conductor to be deposited. At
block 1914, the mask 1s removed, and the routine 1900 pro-
ceeds to block 1916 where the second conductor 1s deposited.

FIG. 20 15 a block diagram 1llustrating an exemplary array
of through substrate vias with embedded capacitors accord-
ing to one aspect. A stacked IC device 2000 includes a first die
2002 and a second die 2004. The second die 2004 may contain
a circuit 2040 such as a microprocessor for processing infor-
mation. The second die 2004 1s coupled to the first die 2002
through interconnects 2010. The first die 2002 may contain an
array 2030 of through substrate vias with decoupling capaci-
tors. The array 2030 may be configured to be very close to (for
example, directly underneath) the microprocessor 2040 to
improve the effect of the decoupling capacitors on the micro-
processor 2040. Accordingly, a local supply of charge for
switching activity 1s available to the microprocessor 2040
nearly instantaneously on demand.

FI1G. 21 1s a block diagram illustrating a design workstation
used for circuit, layout, and logic design of the disclosed
semiconductor itegrated circuit. A design workstation 2100
includes a hard disk 2101 containing operating system soit-
ware, support files, and design software such as Cadence or
OrCAD. The design workstation 2100 also includes a display
to facilitate design of a circuit design 2110. The circuit design
2110 may include the circuitry as disclosed above, A storage
medium 2104 1s provided for tangibly storing the circuit
design 2110. The circuit design 2110 may be stored on the
storage medium 2104 1n a file format such as GDSII or GER-
BER. The storage medium 2104 may be a CD-ROM, MID,
hard disk, flash memory, or other appropriate device. Further-
more, the design workstation 2100 includes a drive apparatus
2103 for accepting mput from or writing output to the storage
medium 2104.

Data recorded on the storage medium 2104 may specily
logic circuit configurations, pattern data for photolithography
masks, or mask pattern data for serial write tools such as
clectron beam lithography. The data may further include logic
verification data such as timing diagrams or net circuits asso-
ciated with logic simulations. Providing data on the storage
medium 2104 facilitates the design of the circuit design 2110
by decreasing the number of processes for designing semi-
conductor ICs.

Although only two through substrate vias have been 1llus-
trated, a stacked IC may contain many more through substrate
vias. A stacked IC may contain any number of either of the
two configurations of through substrate vias including exclu-
stvely using one configuration or the other.

Although only two coaxial conductors are described 1n the
through substrate vias of the disclosure, minor modifications
may allow additional coaxial conductors 1nside the through
substrate vias. Multiple coaxial conductors may be used, for
example, to pass multiple signals through le through substrate
via or to build multiple capacitors.

Although specific processes have been conveyed through
the use of the drawings and descriptions thereot, it should be
understood that the through substrate via with embedded
decoupling capacitor may be manufactured through alternate
processes not described in this disclosure.

Although specific circuitry has been set forth, 1t will be
appreciated by those skilled in the art that not all of the
disclosed circuitry 1s required to practice the disclosure.
Moreover, certain well known circuits have not been
described so as to maintain focus on the disclosure.

Although the present disclosure and 1ts advantages have
been described 1n detail, 1t should be understood that various
changes, substitutions, and alterations can be made herein
without departing from the technology of the disclosure as
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defined by the appended claims. Moreover, the scope of the
present application 1s not intended to be limited to the par-
ticular aspects of the process, machine, manufacture, compo-
sition of matter, means, methods, and steps described 1n the
specification. As one of ordinary skill 1n the an will readily
appreciate from the disclosure, processes, machines, manu-
facture, compositions of matter, means, methods, or steps,
presently existing or later to be developed that perform sub-
stantially the same function or achieve substantially the same
result as the corresponding aspects described herein may be
utilized according to the present disclosure. Accordingly, the
appended claims are intended to include within their scope
such processes, machines, manufacture, compositions of
matter, means, methods, or steps.

What 1s claimed 1s:

1. A method of manufacturing a semiconductor die having
a substrate with a first side and a second side, the method
comprising;

fabricating a plurality of openings for a plurality of through

substrate vias and a through substrate via without a
capacitor on the first side of the semiconductor die, the
through substrate via without the capacitor having a
center offset with respect to each of the plurality of
through substrate vias;
depositing a first conductor 1 the plurality of through
substrate vias;
depositing a first dielectric on the first conductor;
depositing a second conductor on the first dielectric; and
depositing a protective msulator layer on the second side of
the substrate covering the plurality of through substrate
vias.
2. The method of claim 1, further comprising:
polishing the first side of the semiconductor die to expose
the first conductor and the second conductor, the first
conductor and the second conductor being configured as
terminals of a decoupling capacitor.

3. The method of claim 1, further comprising depositing a
second dielectric in the plurality of through substrate vias
betfore depositing the first conductor.

4. The method of claim 1, further comprising;

removing the first dielectric from a fraction of the plurality

of through substrate vias before depositing the second
conductor; and

polishing the second side of the substrate to expose the first

conductor of the fraction of the plurality of through
substrate vias,

wherein the fraction of the plurality of through substrate

vias are configured to convey signals from the first side
to the second side of the substrate.

5. The method of claim 1, further comprising depositing a
third conductor outside of the second conductor.

6. The method of claim 3, further comprising depositing a
third dielectric separating the second conductor from the third
conductor.

7. The method of claim 1, further comprising integrating,
logic circuitry for a microprocessor within the semiconductor
die to receive charge from the plurality of through substrate
vias.

8. The method of claim 1, further comprising integrating
the semiconductor die 1nto a set top box, music player, video
player, entertainment unit, navigation device, communica-
tions device, personal digital assistant (PDA), fixed location
data unit, microprocessor and/or a computer.

9. A method of manufacturing a stacked integrated circuit
(IC) having a substrate with a first side and a second side, the
method comprising:
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fabricating a first opening for a first through substrate via
and an adjacent opening for a through substrate via
without a capacitor on the second side of the substrate of
a semiconductor die, the through substrate via without
the capacitor having a center offset with respect to the
first through substrate via;

depositing a first conductor in the first through substrate
via:

depositing a first dielectric on the first conductor;

depositing a second conductor on the first dielectric, the
first conductor and the second conductor configured as
terminals of a decoupling capacitor; and

depositing a protective insulator layer on the second side of

the substrate covering the first through substrate via.
10. The method of claim 9, further comprising depositing a
second dielectric 1n the first through substrate via before
depositing the first conductor.
11. The method of claim 9, further comprising:
fabricating a second opening for a second through sub-
strate via on the second side of the substrate of the
semiconductor die.
12. The method of claim 11, further comprising;:
depositing a third conductor 1n the second through sub-
strate via:
depositing a third dielectric on the third conductor; and
depositing a fourth conductor on the third dielectric.
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13. The method of claim 12, further comprising;:

polishing a first side of the semiconductor die to expose the

first conductor, the second conductor, the third conduc-
tor, and the fourth conductor.

14. The method of claim 13, further comprising:

removing the third dielectric from the second through sub-

strate via before depositing the fourth conductor; and
polishing the second side of the substrate to expose the
third conductor of the second through substrate via,
wherein the second through substrate via 1s configured to
convey signals from the first side to the second side of
the substrate.

15. The method of claim 9, further comprising depositing a
fifth conductor outside of the second conductor.

16. The method of claim 15, further comprising depositing
a Tourth dielectric separating the second conductor from the
fitth conductor.

17. The method of claim 9, further comprising integrating
logic circuitry for a microprocessor within the semiconductor
die to receive charge from the first through substrate via.

18. The method of claim 9, further comprising integrating
the stacked IC 1nto a set top box, music player, video player,
entertainment unit, navigation device, communications
device, personal digital assistant (PDA), fixed location data
unit, microprocessor and/or a computer.
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